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* J°«" Stock Company, 

of 6700 Lttdwigshafcn, Federal Republic of 
ocrmany, do hereby declare the invention, for 
which we pray that a Patent may be granted 
to us, and the method by which it is to be 
£?°J™jf> ;° lf be particularly described in 
and by the following Statement:— 

The present invention relates to the pro- 
auction of cvdoalkanol-cycloalkanone mix- 
tures by oxidation of a cycloparaffin with 
oxygen and more particularly to an improved 
method of decomposing the intermediately 
■ormca nyd roper oxide, 

UK Patenv 7l«2f) disdoses the add-on 
of a cobal: salt, which may be soiuWe in 
Hydrocarbons, to mixtures such as are obtained 
m the oxidation of cydnhcxane with air, after 
the oxidation in an acid medium. 

We have now found mat a mixture of a 
cydoaJlcanoI and a cydoalkanone can be pre- 
pared in an advantageous manner by oxida- 
tion of a cycloparaffin of five to twelve carbon 
atoms m the liquid phase at a pressure of 
trom 5 to 25 atmospheres gauge with a gas 
containing molecular oxygen, in the presence 
or absence of a heavy mcial catalyst, and 
addition of a heavy meial salt catalyst which 
decomposes hydroperoxides to the reaction 
mixture after the oxidation is over, if the 
oxidanon mixture is treated simultaneouslv 
with, or after, the addition of the heavy metal 
salt catalyst which decomposes hydroperoxides, 
with an aqueous solution of an alkali metal 
hydroxide or carbonate, the pH of the aqueous 
phase in the reaction mixture being kept ai 
from 8 to 13, preferably at from 9 to IL 
measured at 25 °C. 

The reaction conditions suitable for the 
oxidation of a cydoparaffin are known. Cydo- 
paraffins of five u> twelve carbon atoma may 



cydohexane. The oxidadon of cydohexane has 
uiegreatest significance induitrially 

The oxidation may be effected by passing 
a^or other gas containing molecular oxygen 
*w»gh the cycloparaffin in the absence or 
presence of a conventional oxidation catalyst, 
menus of * c «ariS 

m < t J. f*"?? ""'"tained and a pressure 
of from 5 to 25 atmospheres gauce used 
GocnUy the lower hydrocarbons ^can te 
better ox,dued „ the lower temperature? an d 

aole temperature. 

SSi 1° by . we, * t <«yg^ and inw 
other mixtures of gas with molecular 
oxygen may be us «i. for example mLnTres 

tSfT* c l rb0n « diOTidc « ■ "WETS 
fresh S!r w.th the offgaa from the reactor 
•e matures of oxygen and nitrogen S£ 
a lower oxygen concentration thin that of 

™™ ^ C ° n ? ia f0r only 10% of 

OW* or matures enriched wi& oxyecn 
wh.ch contain for example 30% by vS 

2°) ^^y be made of conventional 
wdauon catalysts or thoae described in prior 
apphcauons, particularly cobalt 
but al 80 mixtures of cobalt compounds whh 

2"? COmpwinds « manganese com- 
pounds alone, 0 r compounds of copper, iron 
lead and/or nickel. ' 

rt,^^f 0Un c*u SU * 85 ht " Daf « or naph- 
Aenates which are soluble in the cyd£ 
pa«ma are generally used. It is howler 
advantageous to use heavy metal cmpoSZ 
tSL 9 Z W Z3Sr i b > * formed 



be iSfi. for ^SSE-.g! b/f wat^ToZS 
bexane, cyclooctane, cydododecane or nSyi- S^offi ^SSfe 
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esten ci phosphoric acid, nmoaftrf — rf 

fe* 0 *" 1 * dialkylphosphWc add? £ 
4«f ore used m particular. The co ' 
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of alkyl compound To rakf ad vSJ S^-S 6 *, COmpound 
u«cous to use as anions ihose 



however to correlate the type of catalyst, * e 0 s 

Miertneatmenr period of from twenty to fifty 
™™«; As » it may be sK S 
unpenniRs are associated whh low res£ ™ 

S «S.?° n ra ! deBee tim «- A» «>nvcn 
S ? "°" Cau,y$,$ such * »» set out 

» u« ^, tllySB - 11 J* prefer " d ho«ve 75 



taoennc .... — fwuutt u i 5 aavan- 
X, *° * an » ons *ose strong acids 

i-e. a substituent making them soluble in 

which comma M radical . " le " 

twenty carbon atoms arc therefore 

arty suitable. Samples of su^nioT™ 

uoaccyi pnosphate, monolauryl nhosnhate. 

faS 'JSP* did0dcc > 1 WEffS 
lauryl phosphate, monoocryl sulfafe mono 
dodecyj sulfate, monolau^I ^ 
suj omc acid, dodecjfculfonic add!' fi 
D ?S C aod - -^lphosphomc add, dK- 
phosphinic aad, dodecylphosphonic add and 
didodecylphosphinic acid Examples of ara?i 
Phatic derivatives are the anX of 
^enesulfonie acid and of dodecyLSent 

Ln^.r m ? nncipIt *«*« catalyst 
small additions of catalysts are effectiv? 

r^lL - thc J c> ' do P araffin injected into the 
reactor is used. 

»«. 1 iV" aa, i y5ts refcrred 10 in «J«aU above 
carafv « a, . rxam P |es ; "Orally all omer 
cataly its conventionally used for audi oxida- 
tion reactions may also be used. Tj- oxida- 
aor. may also be carried out without ariman- 
c«alyst. Ic is then advan.ageous to «e ? S 
t;on temperatures of from 150° to 190»C 

After the reaction has taken place fie 
after the reaction mixture has left the exida- 
non reactor) there is 3dded l0 ^ 
mixture a heavy metal salt conventionally used 
as an ox,da U on catalyst, paniculariy a cobalt 
wit, iU: tohly in an amount of from 0.1 l0 
10 ppm by weight {based on the reaction 
mature leaving me rWtor), as Ae SSg5 
! , . iecompose, h>-droperoxldes '/secondary 
-Ujm... This secondar- catalyat is allowed 
w act on the reaction mixture for some umc, 
tor example from twenty to two hundred 
minutes .Generally frW twenty to eighty 
rnmuics is enough. The temperature is ioh- 

tre?^ "r/T 8 °' U 170 ° C durin 8 *» 
treatment. If the temperature is fairly low 

Jt may be advantageous to provide longer 

treatment rimes. Generally it is preferred 



,vu ItllALUIC 

mint. aampIc cobalt sulfa *. 

ew?Vi "bait acetate; in pa^a, how . 
ever heaw metal salts which arc soluble in 
«P^«% cobalt saltl S as 
naphthenates or ethylhexanates. I, is 0 f pa" 

sale in Ae secondary catalyst, the coTpte* 

SStSfffiT 1 ' dCiCribtd mdw ^ Pri"»" 

pycloparamn but arc also resisunt to 

SSSf* * C ,Cacli0n raiMure » d to 
«amplc arc nor predpita.ed by the amounts 

Se^L S VCd fr °? Str ?°« acids OT fr <™ com- 
plexes of rhe salcomme type. Examples of 
uch cobalt salts have already beSriS h, 
the enumeration of primary catalysts^ve! 
rhe oxidation, as in all prior art methods 

32 « e "T 6 " °. ut in one 0r ™« «S 

Tfeflf™ 0111 ,nrc ' meilJa « ««"r washed 

eaA S* MB !5 ni . ™ y te ca ™d «>t after 
eadt^the ox.dat.on stages or only after the 

JEAH**? cosw / nar y t0 not only win, 
*mct but also with caustic alkali solutions for 

fcL^u rcn i 0vaI of carboxylic acids 
formed as byproducts and to decompose 

/? ejQn, P lc ««b formed P A 
treatment widi caustic alkali solutions, just 
I'kc Ac washmg with water, may be carried 
our after each of * e individual oxidation 
stages or only after the final reactor. Particu- 
larly h,gh yields are adueved when hi 110 
accordance with the invention, the reaction 
mixture, simultan e0US | v wirh Ae add ; Tjoi . of 
tne secondary catalyst or after the secondarv 
catalyst has been added, is treated with an 
aqueous solution of an alkali metal hydroxide :t5 
or carbonate, th e pH of the aqueous phase 
of the reaction mixture being kept at from 

1 %<\a p ~? ra ^ from » » ». measured 
« Z5 C Thw is achieved in me simplest 
fashion by u<ing an about 1 to 20 s /.. in 120 
pirticular a 5 to lO^., solution of an alkali 
metal carbonate, particularly sodium or potas- 
sium carbonate. An aqueous solution of an 
alkali metal hvdroxide mav be used provided 
n is metered in so that the said pH is main- I2S 
tamed durin? the washing phase. The mixing 
cf the reaction mixture with the alkali metal 
carbonate solution or with the alkali metal 
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hydroxide solution may be effected for 
example couniercurreni in a packed column 
or cocurrcnt in a stirred comaker, ai high 
temperature also in a pump acting as a mixer. 
5 At leasi sufficient alkali metal hydroxide or 
carbonate solution is used 10 neutralize acids 
piesem in me reaction mixture (Le. the 
aqueous and organic phases) or to convert 
(hem into water-soluble sales which are 

10 extracted as such in the aqueous phase. 

It is advantageous and in the case of the 
stirred container or mixing pump necessary to 
separate the oil and water phases through 
a separator or a separating vessel. Some of 

15 the solution containing alkali metal salts of 
carboxylic acids may thence be returned to 
the alkaline aftertreatment by adding fresh 
sodium hydroxide solution until a pH of for 
example 13 is achieved. 

20 It is a hinher advantage of the aftertreat- 
ment with alkali in the pH range from 8 to 
13 that the residence time of die secondary 
catalyst can be gready shortened, especially 
when alkali solution is added at the same 

25 time as the secondary catalyst, so that from 
0.1 minute to 30, preferably from 3 to 10 
minutes is sufficient. 

After any treatment with aqueous alkaline 
solution, the aqueous phase is separated. It 

30 is often favorable after the aftertreaonent and 
after the after-washing with an alkaline solu- 
tion in the pH range from 8 to 13 and 
separation of the two-phase system to carry 
our another washing with dilute aqueous 

35 caustic alkali solution and if necessary to 
wash the same until neutral. 

The following Examples illustrate the 
invention. 

EXAMPLE 1. 

40 Oxidation of cydohexane is carried our 
under the following conditions: air is passed 
under a pressure of 20 atmospheres gauge 
through cydohexane which is kept at a tem- 
perature of 145 °C in such an amount that a 

45 conversion of 5.3% is achieved- 0.7 ppm by 
weight of cobalt in the form of ethyl hexanate 
(based on cydohexane) is added to the cydo- 
hexane. The residence time of the cydo- 
hexane in the oxidation zone is twenty-seven 

50 minutes. The reaction mixture obtained is 
washed twice with 2% by weight of water. 
The organic phase is then oxidized again 
with air at a temperature of 145°C and at a 
pressure of 20 atmospheres gauge for the 

55 same residence time of twenty-seven minutes. 
The reaction solution then obtained has 0.7 
ppm by weight of cobalt in the form of the 
MDIT phosphate added to it MDIT phos- 
phate is the stoichiometric 1:1 mixture of 

60 the monoester and diester of o-phoBphoric acid 
with isotrideconol. This secondary catalyst is 
allowed to act for a period of forty minutes 
at a temperature of 135°C. 



The reaction mixnire obtained is then 
treated twice, each time with 2% by volume 65 
of water, then once with such an amount of 
25% by weight caustic soda solution for six 
minutes that the pH of the aqueous phase 
in the reaction mixture is kept at 11, and 
finally washed again with 2% by weight of 70 
water. 

The reaction mixture is then distilled. 
Cydohexanol and cydabcxanonc arc obtained 
in a yidd of 71.5% of theory. 

EXAMPLE 2. 75 
The procedure of Example 1 is followed 
but the primary catalyst is added in the form 
of MDIT phosphate. MDIT phosphoric acid 
is the stoichiometric 1:1 mixture of tie mono- 
ester and diester of o-phosphoric add with 80 
isotridecanoL The yidd with an otherwise 
identical method is 72.9% of theory. If the 
treatment with the secondary cauilyst is car- 
ried out at 145°C instead of at 135°C and 
a residence time of sixty minutes is used, die 85 
yidd of cydohexanol and cydohexanone is 
73.3% of theory. 

EXAMPLE 3. 
The method described in Example 1 is 
used but without using a primary catalyst. 90 
A yidd of 71.8% of theory is then achieved, 
while without using a secondary catalyst a 
yield of only 68.4% of theory is achieved. 

EXAMPLE 4. 
The procedure of Bxample 1 is followed 95 
but the reaction mixture is mixed immediately 
after the addition of the secondary catalyst 
with 0.3 part of a 10% sodium carbonate 
solution per pan of reaction mixture and this 
mixture is left for a period of seven minutes 100 
at 135°C with constant stirring. The organic 
phase is then separated from the aqueous 
phase. The organic phase is "washed again 
with water. The yield of cyclohexanone and 
cydohexanol is 73.7% of theory. 105 

EXAMPLE 5. 
The procedure of Example 4 is followed 
but a primary catalyst is not used. The yield 
is then 73.2% of theory of cydohexanone 
and cydohexanol. no 

EXAMPLE 6. 
The procedure of bxample 2 is followed 
but die alkali treatment is modified. The 
Yidds given in the following Table arc 
achieved. The following abbreviations are 115 
used in the Table. Sec Cat = secondary 
catalyst 0.7 ppm of Co as: 

MD1TP=MDIT phosphate 
BHSAC==ethymcxylamine - salicylaldehydc 

complex 120 
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s^nlil' foU j >w «* ^blc further results art 
«t out under reaction condition. « „ 

icoumn 1 different secondary catahJt 
(columns 2 and 5) and different^ « J a " 
meats column 4;. Following «SSiK 
the presence of the' primary ataSt fcerc 5 
a wash.ng with wn tt r followed ^ Sol 
of the secondary catalyst and aLu 21 
cnother wash and' a fractioS distfll" 

y" 1 - Cllumn | iw> the primaty catalyst 
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71 .2 
71.9 
72.3 



73.1 
75.9 
77.4 



(.V. ethyl hexMnnte 
(B, MDIT phosphate 
(C) dodccylbciuenesulfonatt 
column 2 gives as secondary catalvst 0 7 

Column 4 give, u* a i ka i, U i ec 4nd 
C*™ 5 g.v« mc result, withou: secondary 



71.2 
72 . 0 
72.2 



73.4 
76.6 
77.8 



73.1 
75.8 
77.6 



73.5 
76.4 
78.0 
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25* NaOH 
10* K 5 CCL 
10* Ni 2 cb 



25* NaOH 
1036 K 2 C0 3 
10?8 Na 2 C0 3 



25* NaOH 
10?i K 2 C0 3 
10* Na 2 C0 3 
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WHAT WB CLAIM IS:— 

1. A process for the production of a mix- 
ture of o cydoalkanol and e cydoalkanoue 
by oxidation of a cycloparaffin of five to 
twelve carbon atoms in the liquid phase at 
a pressure of from 5 id 25 atmospheres gauge 
with a gas containing molecular oxygen in 
the presence or absence of a heavy metal 
catalyst, and addition to the reaction mixture 
after oxidation has taken place of a heavy 
metal sah catalyst which decomposes hydro- 
peroxides, wherein an aqueous solution of an 
alkali metal hydroxide or carbonate is added 
to the oxidation mixture at the same time 
as, or subsequendy to, the addition of the 
heavy metal salt catalyst which decomposes 
hydroperoxides, the pH of the aqueous phase 
m the reaction mixture being kept at from 
8 to 13, measured at 25°C 

2. A process as claimed in claim 1 wherein 
the said pH of. the reaction mixture is kept 
at from 9 to 11, measured at 2J°C 

3. A process as claimed in claim 1 or 2 
wherein the cycloparaffin used is cydohexane. 

4. A process as claimed in any of claims 
1 to 3 wherein the oxidation of the cyclo- 
paraffin is carried out at a temperature of 
from 130 to 190°C 

5. A process as claimed in any of claim s 
I to 4 wherein the oxidation is carried out 
at a temperature of from 150 to 190°C in 
the absence of any heavy metal catalyst. 

6. A process as claimed in any of daims 
1 to 5 wherein the heavy metal salt catalyst 
added to decompose rrydroperoxides is a 
cobalt sah soluble in the cydoparaffio. 



7. A process as claimed in any of. claims 
1 to 6 wherein die heavy metal salt catalyst 
added to decompose hydroperoxides is added 40 
in an amount from 0.1 to 10 ppm by weight, 
based on the weight of the oxidation mixture. 

8. A process as claimed in any of claims 
1 to 7 wherein the treatment of the oxidation 
mixture with the heavy xnetal salt catalyst 45 
to decompose hydroperoxides is carried out 

at a temperature of from 80 to 170°C 

9. A process as claimed in any of daims 
1 to 8 wherein a 1 to 20% by weight sdution 

of sodium or potassium carbonate is added SO 
to the oxidation mixture simultaneously with 
or subsequent to the addition of heavy metal 
salt catalyst 

10. A process as daimed in any of claims 

1 to 9 wherein the organic phase of the mix- 55 
ture after treatment with the heavy metal 
salt catalyst and alkali metal carbonate or 
hydroxide is separated from the aqueous phase 
and washed with watei or dilute aqueous 
caustic alkali. 50 

11. A process as daimed in claim 1 carried 
out substantially as described in any of the 
foregoing Examples. 

12. Oydoalksnols and cydoalkanones when 
obtained by the process daimed in any of 65 
claims 1 to 11. 

J. Y. & G. W. JOHNSON, 
Furnival House, 
14-18, Hum Holbom, London, WC1V 6DB. 
Chartered Patent Agents, 
Agents for the Applicants. 
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